The objective of this study was to monitor the trend of addiction drug use and its relationship with sexually transmitted infections (STIs) among female drug users (FDUs). Serial cross-sectional surveys were conducted during 2010-2014 among FDUs in Beijing to collect information on addiction drug usage, sexual behaviors, and STI prevalence. Characteristics were analyzed and compared between traditional and synthetic drug users among FDUs by logistic regression method. A total of 3859 FDUs were surveyed during 2010-2014, with the median age being 32.7 years old. The proportion of synthetic drug users among FDUs increased from 43.7% in 2010 to 70.7% in 2014. Compared with traditional drug users, synthetic drug users were younger (P < 0.001), lacked education (P < 0.001), were unmarried (P < 0.001), and were non-local residents (P < 0.001). No significant difference was found with condom usage during sexual activity between traditional and synthetic drug FDUs. However, the engagement of commercial sexual activities (P < 0.001) and syphilis prevalence (P < 0.001) among synthetic drug users were significantly higher than traditional drug users. Synthetic drug abuse appears to be correlated with commercial sex behavior and higher syphilis prevalence among FDUs. Tailored strategies on health education to curb the prevalence of synthetic drug abuse are urgently needed in Beijing.
Introduction
Historically, drug abuse and addiction were serious problems in some parts of China. Drug abuse by vascular injection and needle sharing has perpetuated the HIV epidemic along the southwestern Chinese border. 1, 2 To fight the HIV epidemic, harm reduction programs were introduced into China in 2005 and yielded achievements in HIV epidemic prevention among injecting drug users. 3, 4 Remarkably, official data recently showed an increasing prevalence of synthetic drugs, known as 'club drugs,' among drug users in China. 5 According to the Report on Drug Control in China, 2015, the proportion of synthetic drug users increased from 32.7% in 2011 to 49.4% in 2015. 6, 7 The popularity of synthetic drugs and related sexual activities has increased the risk for HIV and sexually transmitted infection (STI) epidemics. According to the latest report from the National Narcotics Control Commission, the number of registered synthetic drug users exceeded the number of traditional drug users, and reached 1.46 million in China in 2014. The actual number of synthetic drug users could be even higher. 8 The popularity of synthetic drugs among young people and women in recent years has undermined the efforts to control the spread of HIV, syphilis, and other STIs. [9] [10] [11] Previous data showed that more than 77.3% of female drug users (FDUs) had sex with multiple partners right after the usage of synthetic drugs. 12 Also, one-fifth of female sex workers with a history of synthetic drug abuse 9, 13 reported having sex with their clients without knowing the HIV status of the clients. 14 The HIV epidemic among drug users in Beijing was reported in the early 1990s. 2 To understand the HIV epidemic among drug users, a serial cross-sectional survey was conducted to monitor the HIV and STI epidemics, and the behavior changes among addiction drug users. However, few data were found to demonstrate the abuse of synthetic drugs in Beijing, particularly among FDUs. The purpose of the study is to describe the behaviors of FDUs and evaluate the behavioral factors associated with STI incidence.
Method
Subjects and sampling: Adult women who had ever used addiction drugs in the past one year were the target population of this study. FDUs were recruited using two sampling methods: first, detoxification centerbased consecutive sampling was conducted to recruit new patients of detoxification centers from April to July each year between 2010 and 2014. Second, community-based sampling was conducted using the stratified snowball sampling method among FDUs. Initial 'seeds' were selected from FDU volunteers according to different age groups, types of drug, and duration of addiction. Coupons were sent to each 'seed' for peer referral. FDUs who received the coupon from the seeds and met the eligibility criteria were recruited as a subject of the study. Coupons were given to those FDUs for the subsequent round of peer referral when they finished the face-to-face interview. Addiction drugs are divided into two categories: traditional addiction drugs and synthetic addiction drugs. Traditional drugs include heroin, cocaine, opium, and marijuana. Synthetic drugs include methamphetamine, ketamine, methylene dioxymethamphetamine (MDMA), Magu (mixture of methamphetamine and caffeine), buprenorphine, and triazolam.
Data collection: Face-to-face interviews were conducted by trained health care workers in private conditions. No personal identifiable information was collected during the interview. A structured questionnaire was used to collect information including demographic characteristics (age, education, marital status, occupation, residency, etc.), eight questions related to HIV transmission and prevention (those who answer all correctly was regarded as 'know HIV transmission well,' less than eight correct answers was regarded as 'not well'), drug use behaviors (drug types, injecting, needle sharing, etc.), condom use frequency during heterosexual sex, and HIV testing history were included in the questionnaire.
Laboratory testing: Five-milliliter blood specimens were collected for syphilis and HIV tests from each participant. TPHA and TRUST methods were used to determine syphilis infection status, while the ELISA method was used for HIV screening and Western Blot for a HIV confirmatory test.
Statistical analysis: Epidata 3.1 (IBM Corp., Chicago, IL, USA) was used for data input and management. Demographic characteristics and drug types of FDUs were described and compared between the two sampling methods using the Chi square test. Cochran-Armitage trends analysis was conducted to analyze the trend of drug abuse among FDUs from 2010 to 2104. The associated factors for synthetic drug abuse were analyzed using Chi square analysis and logistic regression model (synthetic drug abuse coded as '1,' traditional drug abuse coded as '0') for univariable and multivariable analysis to estimate the crude odds ratio (cOR) and adjusted odds ratio (aOR). Logistic regression was also applied to evaluate the risk factors for syphilis (syphilis infection coded as '1') and HIV infections (HIV-positive coded as '1'). Category variables such as age groups, education, and marital status were treated as dumbing variables in the logistic regression model. A stepwise approach was used for variable selection, criteria for variable entry was 0.05, and kick out was 0.1. An a ¼ 0.05 value was set for statistical significance. All data analysis was conducted in IBM SPSS Statistics v.18.0 (The EpiData Association, Odense, Denmark).
Ethics: Anonymous surveys were conducted as part of a national surveillance program and no personal identifier was collected during the survey and data analysis. Therefore, ethics committee approval and the written informed consent of participants were not required. Use of the national surveillance program anonymous survey data for this analysis was reviewed and approved by the Institutional Review Board of NCAIDS, China CDC (IRB0000276 and FWA00002958).
Results

Drug use among FDUs and associated factors
Between 2010 and 2014, a total of 3859 FDUs were recruited, of whom 2383 (61.8%) were from detoxification centers and 1476 (38.2%) from communities in Beijing. The median age was 32.7 years old. The prevalence of self-reported synthetic drug abuse among the FDUs was 60.4% (2329/3859). The prevalence of selfreported synthetic drug abuse increased from 43.7% (275/630) in 2010 to 70.7% (547/774) in 2014 ( Figure 1 ). Cochran-Armitage trends analysis showed a significant increase in synthetic drug usage (2 ¼ 104.655, p < 0.001). Participants recruited by stratified snowball method from drug users had a higher proportion of traditional drug abuse (76.8%), and those who were recruited from the detoxification center had a higher proportion of synthetic drug abuse (83.4%) ( Table 1) .
FDUs who used synthetic drugs had different demographic characteristics and behaviors in comparison with those who used traditional drugs. Synthetic FDUs were more likely to be younger, single, and non-local residents, with a lower education level, and insufficient HIV prevention information. The proportion of FDUs who had been tested for HIV within the past 12 months was 33.6% (1296/3859), but the testing proportion among synthetic FDUs was much lower than that among traditional FDUs (27.1% versus 43.5%) ( Table 2 ). In terms of behavior, synthetic FDUs were more likely to have had a commercial sex partner during the past 12 months in comparison with traditional FDUs (9.4% versus 3.0%) ( The change in prevalence of HIV and syphilis, and associated factors
In 2010-2014, 0.9% (36/3859) of FDUs were HIV-positive and 6.2% (239/3859) were syphilis infected. From 2010 to 2014, the HIV infection rate generally decreased from 1.7 to 0.3%, while the syphilis infection rate kept rising from 6.0 to 8.8% (Figure 2 ). Traditional FDUs were more likely to be infected with HIV than synthetic FDUs (1.8% versus 0.3%, (Table 3) . In contrast, synthetic FDUs were more likely to be infected with syphilis compared with traditional FDUs (7.9% versus 3.7%, cOR ¼ 0.45, p < 0.001). Divorced/ widowed (cOR ¼ 1.42; 95%CI: 0.96-2.10) were more likely to be infected with syphilis, as were non-local residents (cOR ¼ 0.44; 95%CI: 0.31-0.61). Similar results were found in the multivariable analysis (Table 3) .
One hundred and three FDUs (2.7%) used both traditional and synthetic drugs. Syphilis prevalence among dual-type FDUs was not significantly different to that among synthetic FDUs (6.8% versus 7.9%, 2 ¼ 0.168, P ¼ 0.682) and traditional FDUs (6.8% versus 3.7%, 2 ¼ 2.559, P ¼ 0.110). However, HIV prevalence among FDUs who use both types of drugs was similar to traditional drug users (1.9% versus 1.8%) and higher than synthetic drug users (1.9% versus 0.3%, Fisher exact probability ¼ 0.046).
Discussion
Our study demonstrated the increase of synthetic drug use among surveyed FDUs. The proportion of synthetic drug users has been higher than traditional drug users since 2011, and reached 70.7% in 2014. Sixty percent of synthetic drug users in this study were under 30 years old, which was comparable to results in previous studies. 9, 15, 16 In China, the proportion of teenage synthetic drug users ranged from 2.5 to 28.4%, [17] [18] [19] which was comparable to the findings from this study. A previous study found there was a higher prevalence of synthetic drug use and more unprotected sexual activity among 15-24-year-old women than men. 20 We found that social status was associated with drug abuse. Synthetic drug FDUs were more likely to be non-local residents and have a lower level of education. In addition, we found marital status, education level, and residency were associated with HIV and syphilis infection. Similar findings were documented in previous studies: lack of family support, 14 lower education, 21, 22 and geographic mobility 23, 24 were potential risk factors for HIV and syphilis infections.
Synthetic drug abuse was usually followed by unprotected sexual behaviors, which may result in a higher prevalence of STIs. 25 In this study, synthetic drug FDUs reported a higher rate of being single (41.2% versus 16.4%, P < 0.001) and more frequent commercial sex activities (9.4% versus 3.0%, P < 0.001), and a less than 40% rate of consistent condom use in the past one year compared with traditional drug FDUs. Meanwhile, synthetic drug FDUs showed higher syphilis prevalence (7.9% versus 3.7%, p < 0.001) and lower HIV (0.3% versus 1.8%, p < 0.001) prevalence than traditional drug FDUs. Previous data showed that the combination of exposure to both synthetic drugs and commercial sexual activities may amplify and accelerate the transmission of syphilis and other STIs 26, 27 among FDUs and related subgroups. In contrast, we have not identified the commitment of commercial sex to be significantly associated with HIV and syphilis infection.
Another finding of this study was the low HIV testing history among FDUs (33.6%), especially among synthetic FDUs (27.1%). HIV testing campaign programs were initiated in 2003 in China, and routine HIV testing was recommended for all people who engaged in HIV-related behaviors. 28 Considering the popularity of synthetic drug abuse and the lack of knowledge about this behavior, the necessity of HIV or other STI testing among FDUs needs to be emphasized.
Our study has several limitations. As a series of cross-sectional surveys, we could not evaluate the causal relationship between the risk of drug abuse and STIs among women directly. In addition, because FDUs are a hidden population, it is difficult to obtain a representative sample, and consecutive sampling in detoxification centers and the stratified snowball sampling method among community recruits were used during participant recruitment. Lastly, all behavioral information was self-reported and, therefore, information bias caused by recall bias and social desirability bias may be an inevitable part of the survey.
In conclusion, addiction drug abuse among FDUs has changed over the past few years. Synthetic drug users participated in more unprotected sexual activities and suffered from higher STI prevalence. Tailored strategies and more efforts should be taken to warn the public, and especially FDUs, about the hazards of synthetic drugs.
